Linking bioaccessibility and solid phase distribution of potentially toxic elements in extractive waste and soil from abandoned mine site : Case study of Campello Monti, NW Italy contamination by PTE (Gál et al., 2007) . As PTE tend to persist in the environment, these extractive 31 waste dumps and soils often become a matter of concern for human health (Lim et al., 2009 ).
32
There is growing awareness and concern about the harmful effects of elevated 33 concentrations of toxic elements on human health (Golia et al., 2008 (Oomen, 2000) . However, measuring bioavailability in-vivo is a difficult and lengthy procedure 39 (Maddaloni et al., 1998) . Therefore, a number of in-vitro bioaccessibility methods have been
40
developed to measure the oral bioaccessibility of a contaminant (Cox et al., 2013) . The oral 41 bioaccessible fraction is defined as the fraction that, after ingestion, may be mobilized into the gut 42 fluids (chyme). Bioaccessible concentration is greater than or equal to the bioavailable 43 concentration and can be used as a conservative measure to the bioavailability for HHRA 44 (Paustenbach, 2000) .
45
The present research used the unified BARGE method (UBM) developed by the
46
Bioaccessibility Research Group of Europe (BARGE) for measuring the oral bioaccessibility of 47 contaminants in extractive waste and soils from abandoned mining sites. The UBM method has 48 been validated against in vivo studies for As, Cd and Pb (Denys et al., 2012) and has been used to 49 provide guidance data on a wider range of chemical elements to facilitate inter-laboratory trials 50 (Hamilton et al., 2015) . Therefore, many studies have used the UBM method to assess plays an important role in controlling the leaching of the PTE from the matrix and overall extraction 142 process, the pH meter was calibrated before extraction of every batch of samples.
143
Unified BARGE method extractions were carried out using simulated digestive fluids 144 including saliva, gastric fluid, bile and duodenal fluid, which were prepared from inorganic and 145 organic reagents and enzymes one day prior to sample extractions. These fluids were used to 146 represent three main compartments of human digestive system: mouth, stomach and small intestine.
147
The extraction consists of two phases, gastric and gastro-intestinal for which 0.4 ± 0.0005 g of 
Mineralogical analysis 195
The mineralogical analysis of waste rock samples was performed in a previous study (Rossetti et 196 al., 2017). Consequently, only the soil sample was analyzed for mineral phases in present study.
197
Micro-X-ray fluorescence (micro-XRF) was used to identify crystalline phases in the bulk soil 
Total concentrations of PTE

214
The pH and total concentrations of PTE in waste rock samples (no. of samples, n = 26) and soil 215 samples (no. of samples, n = 9) are summarized in Figure 3 . 
Bioaccessible concentrations
244
The total and bioaccessible concentrations of As, Cd, Co, Cr, Cu, Ni, Pb and V in waste rock and 245 soil samples at Campello Monti are presented in waste rock and soil samples varied from 0.6 to 1 mg/kg and from 1.8 to 2.7 mg/kg respectively.
257
Mean values of BAF were found to be 10.5% for waste rock samples and 12.8% for soil samples.
258
Waste rock and soil samples showed mean total concentrations of Cd as 1.3 mg/kg and 0.5 mg/kg.
259
The bioaccessible fraction were found to be varying from 3% to 19% and from 20% to 85%, for 260 waste rocks and soil, respectively. identified during mineralogical analysis of soil sample using micro-XRF. Fe oxide 2: In the waste rock sample, the Fe oxide cluster was principally composed of Fe (c. 65%).
363
Other elements extracted were Al, Mg, Ni, Si, S with varying concentration from 2.6% to 12%. corresponding X-ray maps (SEM) for Al, As, Ca, Cr, Cu, Fe, Mg, Na, Ni, Si and Ti. The PTE extracted and their bioaccessible fraction are plotted in Figure 6 . The waste rock sample 407 contained 11 mg/kg of As and only 1 mg/kg of this was bioaccessible. The total concentration of As 408 extracted by CISED was also 1 mg/kg, indicating that As extracted in both the methods was similar. faster with increase in ratio of S/Fe in iron-sulphur based solutions (Holzheid and Lodders, 2001 ).
438
In waste rock samples it was observed that the gastric phase bioaccessible concentrations of
439
Cr and Ni increased with increase in total concentration potentially suggesting that the majority of shown in Figure 6E . For Ni, it was observed that the same fraction was the source of 449 bioaccessibility, in addition to dissolution of pore-water, exchangeable and Fe oxide 1 components.
450
Higher concentrations of Ni than Cr in pore water and exchangeable components suggests easy 451 dissolution of Ni. It could be because Ni is primarily hosted by olivine in ultramafic rocks.
452
Dissolution of olivine has been found to be rapid in comparison to most silicate minerals as it has
453
simpler structure (Pokrovsky and Schott, 2000 
